Introduction {#S0001}
============

Ambros et al found lin-4, a gene which controls the timing of larval development of *Caenorhabditis elegans (C. elegans)* in 1993. But, the product of this gene was not any protein; instead it produced a pair of small RNAs ([@CIT0001]). The longer RNA is 70 nucleotides (*nt*) that can shape a stem-loop structure and is the precursor of the shorter RNA (22 *nt*) that is now known as a member of the class of microRNA genes ([@CIT0002]). MicroRNAs (miRNAs) are a novel class of endogenous small, non-coding RNAs (ncRNAs) that control gene expression by targeting specific mRNAs for degradation and/or translational repression ([@CIT0003]). At the time it appeared that lin-4 was restricted to *C. elegans* because of lack of homology with other species. However, when the second miRNA gene (let-7) with its target miRNA gene (lin-41), was discovered in 2000, it became clear that these miRNA genes are conserved in many species ([@CIT0004]). After that, a great number of microRNAs have been identified in mammals ([@CIT0005]).

Many members of ncRNAs are part of the functional classes such as miRNAs and small nucleolar RNAs (snoRNAs) that are well conserved in various species. This is because: a) RNAs in both classes function by hybridization to other nucleic acids b) many of the miRNAs have different cellular targets ([@CIT0006]) that confine their chance for sequence co-variation and tendency to evolution. Regarding snoRNAs, they encode sequences and structures that mediate binding of compatible RNA-modifying enzymes to the snoRNA target RNA complex, and this further limits sequence change ([@CIT0007]).

miRNAs along with a large set of ncRNAs are known as ''gene regulators'' that include: Air, H19, Ipw, NTT, Tsix and XIST in mammals and have various functions from potential involvement in the imprinting process to X-chromosome inactivation in mammals ([@CIT0008]). Multiple steps and specific cellular machinery are involved in the biogenesis of miRNAs ([@CIT0009]). The miRNAs are encoded as short inverted repeats having a double-stranded RNA (dsRNA) stem loop about 70 *bp* long and are found in both introns and intergenic clusters in the genome ([@CIT0009]). The introns and exons of both protein-coding and non coding transcripts are synthesized by RNA polymerase II from where miRNAs are derived ([@CIT0010]). In the nucleus, miRNAs are transcribed as primary pri-miRNA transcripts, and then they are processed to shape the precursor pre-miRNA stem loop structure and then is transported to the cytoplasm by RanGTP and Exportin 5 where they are cleaved by the Dicer RNAase III endonuclease and produce mature miRNA (21-23 *nt*) ([@CIT0011]).

Human genome and microRNAs {#S20002}
--------------------------

Development, differentiation, growth, and metabolism are regulated by miRNAs and about 500 known miRNA genes are reported to be encoded by the mammalian genome ([@CIT0012]). It is estimated that miRNAs regulate about one third of the genes in human genome ([@CIT0013]). How the transcription of miRNAs are regulated in the cell is not precisely known However, the transcription of miRNAs are known to depend on their localization within the genome and their proximity to host genes and their locations in introns of coding genes, noncoding genes and exons ([@CIT0014]). Recent studies have shown that miRNAs are organized in clusters and share the same transcriptional regulation and if having their own promoters, miRNAs are independently expressed ([@CIT0015], [@CIT0016]).

Approximately 50% of miRNAs are transcribed from non-protein-coding genes, and the rest are in the introns of coding genes ([@CIT0012]). In higher organisms, about 97% of the transcriptional product is non-coding RNA (ncRNA) which consist of rRNA, tRNA, introns, 5' and 3' untranslated regions, transposable elements, and intergenic regions, and a large family known as microRNAs, some of which can down-regulate large numbers of target mRNAs ([@CIT0003], [@CIT0017]). Recently, a number of mammalian miRNAs have been reported to be derived from DNA repeats and transposons ([@CIT0018]). This finding has lead to a re-evaluation of the functional role of transposons, especially since it appears that their sequences can play a significant role in the developmental processes and epigenetic variations ([@CIT0019], [@CIT0020]). miRNAs have also been shown to be derived from processed pseudogenes ([@CIT0021]) ([Figure 1](#F0001){ref-type="fig"}).

![Coding and Non-coding DNA in human genome](AJMB-1-55-g001){#F0001}

Analysis of the human genome in the past few years has given an estimated number of the protein coding genes (as low as 25,000) in the human genome ([@CIT0022]). Despite a controversy as to a real number of protein coding genes, the 25,000 estimated figures are at least 2-3 times lower than it was previously believed. These new data reveal that large portions of human and other mammalian genomes consists of non-coding proteins genes. The Open Reading Frames (ORFs) in the human genome is estimated to comprise less than 2% of the 3.2 billion bases and 46% of the human genome is composed of repetitive sequences ([@CIT0023], [@CIT0024]). It is also estimated that 25-27% of the genome is non-coding parts of protein-coding genes (introns, 5V- and 3V-UTRs) ([@CIT0025]).

The microRNAs and other living organisms {#S20003}
----------------------------------------

Since the initial discovery of the miRNAs in 1993, it has been discovered that miRNAs play a role in gene regulation in different eukaryotic organisms ([@CIT0026]). The miRNA registry (version 1) showed 218 miRNA entries for primates, rodents, birds, fish, worms, flies, plants and viruses by 2002; however, this figure has increased to 6396 as of April 2008 (version 11) ([@CIT0027], [@CIT0028]). In prokaryotes, ORFs account for over 90% of genomic DNA and this is because intergenic and untranslated regions are short and splicing is an exception rather than the rule. Among eukaryotes, simple unicellular organisms have 10-40% of the genome, in invertebrates, 70-90% of the genome, and in mammals 98% of the genome is composed of noncoding DNA regions ([@CIT0025]).

The functions of mirRNA vary in different organisms. For example, they control development of leaf and flower in plants ([@CIT0029]) or modulate differentiation of hematopoietic cells in mammals ([@CIT0030]). Conservation of many mirRNAs sequences among distantly related organisms indicates that they participate in essential processes ([@CIT0031]).

Role of microRNAs in cancers {#S20004}
----------------------------

The link between miRNAs and cancer was shown when it was discovered that miR-16 and miR-15 genes are located in a region of chromosome 13 that is deleted in over 65% of Chronic Lymphocytic Leukaemia (CLL) patients and more than half of B-cell chronic lymphocytic leukaemia (B-CLL) ([@CIT0032]). Then it was discovered that miRNA genomic positioning seems to be non-random, and that a significant number of miRNA genes are located at fragile sites (unstable regions that have been shown to promote DNA instability in cancer cells) or genomic regions linked to cancers ([@CIT0033], [@CIT0034]).

Deregulation of miRNAs correlates with various human cancers and has a role in its initiation and progression. They can inhibit the expression of cancer-related target genes and promote or suppress tumorigenesis in various tissues by acting as oncogenes or tumor suppressors. Thus identification of miRNAs and their respective targets make them ideal for diagnostic and prognostic tumor biomarkers and new therapeutic strategies to treat cancers. Deletion and down-regulation of miR-15 and miR-16 in B-CLL patients is the first report documenting abnormalities in miRNA expression in tumor samples ([@CIT0032]). Currently, it is well documented that up-regulation or down-regulation of miRNAs occurs in various human cancers ([@CIT0035]).

Over-expressed miRNAs may play a role as oncogenes by down-regulating tumor suppressor genes and/or genes controlling cell differentiation or apoptosis, whereas the down regulated miRNAs act as tumor suppressor genes by negatively regulating oncogenes and/or genes that control cell differentiation or apoptosis ([@CIT0036], [@CIT0037]). Amplification, deregulation of a transcription factor or demethylation of CpG islands in the promoter regions of a gene in human cancers can result in over expression of miRNAs. Tumor suppressor miRNAs can be down-regulated by deletions, epigenetic silencing, or loss of the expression of trans-cription factors ([@CIT0038]). Over-expression or inhibition of a number of miRNAs in cancer cells, have been reported to interfere with cell cycle regulators. Many of which directly interact with critical regulators such as PTEN, Myc, Ras or ABL as well as members of the Rb pathway, Cyclin-CDK complexes or cell cycle inhibitors of INK4 or Cip/Kip families to modulate cell proliferation pathways ([@CIT0039]). They can also directly target anti-apoptotic genes and participate in tumorigenesis. Proapoptotic miRNAs such as miR-15 and miR-16 can target and inhibit the pro-survival molecule Bcl-2 to antagonize tumor development by promoting apoptosis through the mitochondrial pathway ([@CIT0040]).

Fifty to seventy divisions are finite replicative potentials those human cells normally have, after which cells become unable to continue dividing. This senescence suppresses the proliferation of damaged or stressed cells that are at risk for malignant transformation, thus inhibits the development of cancer ([@CIT0041]). Maintaining telomeres by either up-regulating telomerase or alternatively, lengthening telomeres causes immortalization in human cancer cells ([@CIT0042]). Recently, some miRNAs have been reported to regulate the limitless replicative potential of cancer cells such as the Dicer-dependent miR-290 cluster which can directly target the Retinoblastoma-like 2 protein (Rbl2) and indirectly affects telomere integrity and telomere-length homeostasis ([@CIT0043]).

A recent study has revealed oncogenic function of miR-378 which can enhance tumor cell survival, blood vessel expansion and tumor growth by repressing the expression of two tumor suppressors, Sufu and Fus-1([@CIT0044]). Several miRNAs have been also identified that mediate metastasis ([@CIT0035]). miR-21 has been shown to promote tumorigenesis and metastasis through suppressing expression of PTEN, PDCD4, TPM1 and Maspin, being all negative regulators of both growth and migration and invasion ([@CIT0045]--[@CIT0048]). miR-373 and miR-520c have also involvement in tumor migration and invasion by down-regulating metastasis suppressor, CD44 ([@CIT0049]). miR-335 has been reported to target a set of genes which are required for tumor metastasis such as SOX4 and TNC ([@CIT0050]).

A multistep process of sequential alternations of several, often many, oncogenes, tumor suppressor genes, and miRNA genes result in cancer ([@CIT0051]). The miR-17 and miR-20a, two C-Myc-regulated miRNAs, have been reported to govern the transition through G1 checkpoint in normal human cells. Inactivation of these miRNAs causes a G1 checkpoint due to accumulation of DNA double-strand breaks as a result of accumulation of the E2F1 transcription factor ([@CIT0052]). Current evidence suggest that more than half of miRNAs are clustered in regions of genomic instability or fragile sites of chromosome areas associated with various human cancers ([@CIT0033], [@CIT0053]). Unique miRNA expression profiles have been demonstrated in a number of cancers including breast, ovary, colon, blood, lung, esophageal, prostate, bladder and thyroid cancers. In the following pages the involvement of mirRNAs in variety of cancers will be reviewed.

The microRNAs in breast cancer {#S20005}
------------------------------

Breast carcinoma, is the second most prevalent cancer in women and fatal disease when not detected at early stages. Breast tumors are grouped into four subtypes (luminal A, luminal B, HER2 over expressing, and basal) according to their difference in gene expression, phenotypes, prognosis, and susceptibility to specific treatments ([@CIT0054]). Another more traditional classification is based on the status of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-like 2 (HER2/neu) ([@CIT0055]).

It has been shown that multiple miRNAs are associated with a given cancer signature. In breast cancer, up-regulation of miR-21 has been reported across tumor specimens whereas other miRNAs (miR-141, miR-200b, miR- 200c, miR-214, miR-221, and miR-222) exhibited irregular pattern of expression ([@CIT0056]). In two of the four ER^-^, PR^-^, HER2^-^ tumor specimens, miR-205 was highly expressed, which may be indicative of an association between miR-205 expression with this aggressive tumor subtype ([@CIT0056]). The specificity of miRNA expression at different stages of the breast tumor is such that the level of miRNA expressions can be used to distinguish breast cell lines according to their malignancy status. For example, the expressions of several miRNAs have been observed to be elevated in tumorigenic cell lines compared with nontumorigenic cell lines ([@CIT0057]). In the same study, it was shown that in the breast tumor tissue, miR-21 was frequently having higher levels in carcinoma cells than in matching normal tissue.

In another study ([@CIT0057]) whose results were confirmed by microarray and Northern blot analyses, the differentially expressed miRNAs, miR-10b, miR-125b, miR145, miR-21, and miR-155 were demonstrated to be among the most consistently deregulated in breast cancer. The miR-10b, miR-125b, and miR-145 were down-regulated and miRNA-21 and miR-155 were up-regulated. The miRNA genes have been reported to be frequently deleted in human cancer and interestingly, miR-125b which is down regulated in breast cancer is located at chromosome 11q23-24, one of the most frequently deleted regions in breast cancer ([@CIT0058]).

The results of these studies indicate that the differential expressions of miRNAs and their correlation with specific breast cancer bio-pathological features such as tumor stage, vascular invasion, estrogen and progesterone receptor expressions may in the future be used in the clinic as biomarkers to specific stages of breast cancer.

The microRNAs in ovarian cancer {#S20006}
-------------------------------

The most common gynecologic malignancy and the sixth most common cancer in women worldwide is Epithelial Ovarian Cancer (EOC), causing almost 125,000 deaths yearly ([@CIT0059]). Even with advances in detection and cytotoxic therapies, only 30% of patients with advanced-stage ovarian cancer have 5 years survival after initial diagnosis ([@CIT0060]). Late-stage diagnosis for \>70% of ovarian cancers is the dominant reason for high mortality of this disease.

Four major histological subtypes for ovarian adenocarcinomas are serous, (being the most common), mucinous, endometrioid and clear cell. Many studies have demonstrated that each of these histologic types is associated with specific morphologic and molecular genetic changes including miRNA gene expressions. For example, in ovarian adenocarcinomas miR-200a and miR-141 were shown to be significantly up-modulated and miR-199a, miR-140, miR-145, and miR-125b1 were most significantly down-modulated. In all the three histotypes considered (serous, endometrioid and clear cell) miR-200a and miR-200c were found up-modulated. Up-modulation of three additional miRNAs, miR-21, miR-203, and miR-205 were detected in the endometrioid histotype ([@CIT0061]). In a recent study ([@CIT0062]), high frequency copy number abnormalities of Dicer1, Argonaute2, and other miRNA-associated genes in breast and ovarian cancers have been found. These findings suggest that copy number alterations of miRNAs and their regulatory genes are prevalent in cancer.

In the three studies ([@CIT0062]--[@CIT0064]) reported on miRNAs in ovarian cancer, more than 136 miRNAs have been reported to be deregulated. Fifty six new miRNAs which were not previously reported have been recently demonstrated to be deregulated in ovarian cancer ([@CIT0065]). In this study, the most consistently and highly up-regulated miRNA in both ovarian tumor tissues and ovarian cancer cell lines was reported to be miR-221. The oncogene KIT ([@CIT0066]) and the tumor suppressor p27kip1 ([@CIT0067]) have been shown to be targeted by miR-221.

Microarray studies, validated by Northern blots of the differentially expressed miRNAs have shown that many miRNAs are up- regulated and/or down-regulated in serous ovarian cancer tissues ([@CIT0068]). In this study several miRNAs were demonstrated to be differentially expressed in more than 16 patients compared with normal ovarian tissues, including miR-21, miR-99a, miR-125a, miR-125b, miR-100, miR-145, and miR-16. An interesting finding of this study was the correlation found between the expression levels of some microRNAs with the survival in patients with serous ovarian carcinoma. Specifically, the higher expression of miR-200, miR-141, miR-18a, miR-93, and miR-429 and lower expression of let-7b, and miR-199a were significantly correlated with a poor prognosis.

The microRNAs in colorectal cancer {#S20007}
----------------------------------

Experimental studies on colorectal cancer (CRC), which is the most common cancer site and the second most common cause of death, has shed light on miRNA-mediated regulatory links to the oncogenic and tumor suppressor signalling pathways. Currently, the connection between miRNA and CRC is investigated by two different approaches. On the one hand, many known oncogenic and tumor suppressor pathways involved in the pathogenesis of CRC seems to be regulated by miRNAs. This is very interesting because in colorectal neo-plasms, miRNA regulation affects many proteins such as p53, RAS and Epithelial-Mesenchymal Transition (EMT) transcription factors and members of the PI-3-K and the Wnt/β-catenin pathway ([@CIT0069]). On the other hand, the expressions of hundreds of different miRNAs have been shown to have a higher potential as biomarkers when compared to mRNAs for prediction of prognosis and diagnosis of specific stages in colorectal cancer ([@CIT0069]).

Experimental data performed on colorectal cancer and CRC cell lines have demonstrated several miRNAs to function as Oncomirs (refers to tumor suppressor and oncogenic effects of mirRNAs). Several miRNAs (miR-17-92, miR-21, miR-135) are identified as oncogenic miRs and others (miR-34, miR-126, miR-143) are identified as tumor suppressor miRs because they are involved in myc, PTEN, PDCD4, APC pathways and p53, CDK, p85β, KRAS pathways, respectively ([@CIT0070]).

The Wnt/β-catenin pathway plays a central role in early colorectal tumor development. More than 60% of all colorectal adenomas and carcinomas have mutation in the APC gene, leading to stimulation of the Wnt pathway via free β-catenin ([@CIT0071]). Recently ([@CIT0072]), miR-135 family has been shown to regulate the adenomatous polyposis coli gene in colorectal cancer. The miR-135a and miR-135-b target the 3′-untranslated region and decrease the translation of the APC transcript in vitro. Interestingly, up-regulation of miR- 135 was also found *in vivo* in colorectal adenomas and carcinomas and correlated with low APC levels ([@CIT0072]). These results suggest that the mir-135 family is deregulated in neo-plastic colorectal tissues.

The down-regulation of Ecadherin and the successive loss of cell-cell adhesion are described by EMT, thus leading to a mesen-chymal phenotype which contributes to the invasiveness and dissemination of epithelial tumor cells in several carcinomas including colorectal cancer ([@CIT0073]). The members of miR-200 family (miR-200a, miR-200b, miR-200c, miR-141 and miR-429) that are suppressed by TGF-β-signaling have been shown to have functional link to EMT ([@CIT0074]). Thus, the miR-200 family members might act as important regulators of epithelial phenotype in colorectal cancer.

Reduced levels of miR-143 and miR-145 in colonic adenomas and carcinomas are demonstrated by investigations on paired colorectal neoplasias and normal mucosal samples ([@CIT0075]). The reduction of these two miRNAs in CRC and additional two miRNAs (miR-126 and miR-133b) has been confirmed by others ([@CIT0076], [@CIT0077]). Although a number of studies have shown increased or reduced levels of miRNAs in colon adenocarcinomas, however, very few studies have evaluated the association between mirRNA expression patterns and colon cancer prognosis or therapeutic outcome.

In a recent report ([@CIT0078]), this question was addressed by a study involving microRNA microarray expression profiling of tumors and paired nontumor tissues on a cohort of 84 patients with incident colon adeno-carcinoma. In this study, thirty-seven mirRNAs were reported to be differentially expressed in tumors from the test cohort. Expression patterns of mirRNAs were shown to be systematically altered in colon adeno-carcinomas and a high miR-21 expression was demonstrated to be associated with poor survival and poor therapeutic outcome. In another study ([@CIT0079]), forty-eight clinical colorectal samples (24 samples with 24 paired normal samples) were evaluated for the presence of miRNAs and their significance as markers for disease prognosis. Among the ten miRNAs, miR-15b, miR-181b, miR-191, and miR-200c were highly expressed and miR-200c was significantly associated with patient survival.

The microRNAs in hematological cancers {#S20008}
--------------------------------------

### A. Acute myeloid leukemia

Clonal expansion of hematopoietic stem cells blocked at different stages of erythroid, granulocytic, monocytic or megakaryocytic differentiation is characterized as Acute Myeloid Leukemia (AML) ([@CIT0080]). miRNA signatures in bone marrow disorders have been found by an increasing number of studies. Recently, it has been shown that miRNA expression profiles are linked to the karyotype in AML, the most common acute leukemia in adults ([@CIT0081]) and expression of a specific miRNA (hsa-miR-181a) is correlated with AML morphological subtype ([@CIT0082]). In other studies, association of miRNA signatures and cytogenetic abnormalities in AML were found and the high expression of hsa-miR-191 and hsamiR-199a were correlated with patients having poor prognosis ([@CIT0083], [@CIT0084]).

### B. Acute lymphocytic leukemia

Either T or B lymphocyte precursors cause Acute Lymphocytic Leukemia (ALL). However, B-ALL is the most common type ([@CIT0085]). The predominant cancer in the childhood which has a favorable prognosis compared to AML is ALL. An up-regulation of miR-155 has been shown in a subset of AML patients, which may repress genes implicated in hematopoietic development and disease ([@CIT0086]). miR-155 was demonstrated to have an important role in the mammalian immune system, specifically in regulating T cell differentiation ([@CIT0087]). Defective miR-155 cells were shown to induce alteration in PU.1 transcription factor which is critical in early B cell commitment ([@CIT0084], [@CIT0087]).For differential diagnosis of AML and ALL at the genetic level, recently ([@CIT0088]) an additional method has been developed to discriminate between AML and ALL by bead-based miRNA expression profiling assay. The results of this study demonstrated that several miRNAs were differentially expressed between AML and ALL where miR-128a, miR-128b, miR-223 and let-7b were the most significant and discriminatory. The authors found that to discriminate between AML and ALL diseases, a signature of only two miRNAs was sufficient ([@CIT0084]).

###### 

Cancer-related miRNAs

  Cancer Type                                                      miRNA                                                Up/Down Regulation   References
  ---------------------------------------------------------------- ---------------------------------------------------- -------------------- ------------
  **Breast**                                                       miR-21 ,miR-155, miR-23, and miR-191                 Up                   (57,58)
  miR-205,miR-145,miR-10b,and miR-125b                             Down                                                                      
  **Ovary**                                                        miR-200a,miR-200c, and miR-141                       Up                   \(61\)
  miR-199a,miR-140,miR-145,and miR125b1                            Down                                                                      
  **Colon**                                                        miR-135,miR-21,miR-15b,miR-181b,miR-191,miR-200c     Up                   (72,79)
  miR143,miR145,miR-133b,and miR-126                               Down                                                 (75, 76, 77)         
  **AML**                                                          Has-miR-191,199a,miR155                              Up                   (83,86)
  **CML**                                                          miR-17-5p, miR-17-3p, miR-18a, miR-19a, miR-19b-1,   Up                   \(91\)
  miR- 20a, and miR-92a-1                                                                                                                    
  **CLL**                                                          miR-21,miR-155                                       Up                   \(96\)
  miR-15a,miR16,miR-29, miR143,miR-45,miR-30d,miR-let7a,miR-181a   Down                                                 (32, 40, 94, 96)     
  **Endometrioid adenocarcinoma**                                  miR-205,miR-449, miR-429                             Up                   \(100\)
  miR-193a,miR-204, miR-99b                                        Down                                                                      

### C. Chronic myeloid leukemia

A multi-step chronic bone marrow disorder involving progression from chronic phase to an accelerated phase which ends up in a blast crisis is characterized as Chronic Myeloid Leukemia (CML) ([@CIT0089]). A translocation involving chromosomes 9 and 22, generating the Philadelphia chromosome (Ph), characterizes CML ([@CIT0090]). In a recent miRNA study, CML-CD34+ cells from patients with chronic phase have been isolated and shown to have seven miRNAs (miR-17-5p, miR-17-3p, miR-18a, miR-19a, miR-19b-1, miR- 20a and miR-92a-1) up-regulated as compared to blast phase. Since expression of this miRNA cluster appears to be BCR-ABL and c-Myc dependent, this observation from microarray analysis (miCHIP) may have implications in CML pathogenesis ([@CIT0091]).

### D. Chronic lymphocytic leukemia

Chronic Lymphocytic Leukemia (CLL) is characterized by elevated number of clonal B lymphocytes in circulation usually arrested in G0/G1 phase ([@CIT0092]). In a recent study ([@CIT0093]), micro-array analysis identified differentially expressed miRNAs, including miR-15a and miR-16, which might have the potential for CLL prognosis. CLL Patients with good prognosis have been associated with down-regulation of miR-15a and miR-16, whereas bad prognosis was associated with down-regulation of miR-29. Interestingly, in CLL patients the location of 2 miRNAs, miR-15a and miR- 16 are in 13q14.3, a chromosome region frequently deleted ([@CIT0032], [@CIT0040]).

In a recent study ([@CIT0094]), it was shown that the expression of miR-143 and miR-145, the levels of which were previously shown to be reduced in variety of cancers was also decreased in CLLand B-cell lymphomas. In another study ([@CIT0095]), a profile of the expression of miRNAs in patients with primary CLL cells showed the over-expression of two miRNAs (miR-21 and miR-155). The pattern of miRNA expression in CLL cells was recently analyzed ([@CIT0096]) and a global reduction in miRNA expression levels in CLL cells was found associated to a consistent under expression of miR-181a, let-7a and miR-30d. An interesting and surprising finding in this study was that the predicted mRNA targets for these novel miRNAs were located on a small region of chromosome 1 which is frequently altered in human cancer. A number of miRNAs have been found to be relevant to diagnosis and prognosis of CLL. Recently ([@CIT0097]), thirteen miRNAs were reported to be associated with prognostic factors and specifically two of these miRNAs, miR-15 and miR-16 were found to be located on chromosome 13q14, a region deleted in more than half of B-CLL patients and absent or down-regulated in the majority of CLL patients.

The microRNAs in endometrioid adenocarcinoma {#S20013}
--------------------------------------------

The most common pelvic malignancy in China and the fourth most common cancer in women worldwide ([@CIT0098]) is endometrial carcinoma. Endometrioid adenocarcinoma is the major form of endometrial carcinoma, comprising 75-80% of the cases ([@CIT0099]). The miRNAs may play an important role in the carcinogenesis of endometrial carcinoma although it has received very little attention in the miRNA expression profiling.

In a recent study on expression profile of mammalian miroRNAs in endometrioid adenocarcinoma ([@CIT0100]), it was reported that seventeen human miRNAs exhibited higher expression and six miRNAs exhibited lower expression in endometrioid adenocarcinoma samples. Among those miRNAs there were three miRNAs (miR-205, miR-449, and miR-429) up-regulated in tumor samples with more than fifteen-fold change and there were three miRNAs (miR-204, miR-99b, and miR-193b) down-regulated with more than five-fold change. Interestingly, miR-205, miR-449 and miR-204 have been shown to regulate the estrogen receptor gene expression which is considered to be involved in endometrioid adenocarcinoma ([@CIT0100])([Table 1](#T0001){ref-type="table"}).

The microRNAs in esophageal cancer {#S20014}
----------------------------------

Esophageal Adenocarcinoma (AC) has the fastest rising incidence of any solid tumor (\>300% in the past 30 years and continues to rise) in the United States ([@CIT0101]) and is among the high-incidence cancers in Iran ([@CIT0102]). Chronic Gastroesophageal Reflux Disease (GERD) which is associated with an approximately 16-fold increased risk of AC and occurs in up to 60% of patients diagnosed with this tumor, is the most common risk factor for AC ([@CIT0103]).

miRNAs that were differentially expressed among different histological groups of patients with AC were recently analyzed ([@CIT0104]). The results of this study demonstrated that thirteen miRNAs from three histological groups were differentially expressed. The miR-194, miR-192 and miR-200c were significantly up-regulated in AC, but not in Squamous Cell Carcinomas (SCC). The miR-342 was found differentially expressed in SCC but not in AC in comparison with normal epithelium. The significant finding of this study was that different esophageal tissue types and malignant tissues could be distinguished from normal esophagus by miRNA expression profiles.

The microRNAs in gastrointestinal cancer {#S20015}
----------------------------------------

The most recent study ([@CIT0105]) on the role of miRNAs in gastrointestinal cancers has shown that down-regulation and up-regulation of some miRNAs occur which may function as tumor suppressors and oncogenes, respectively. Extensive lists of miRNAs functioning as tumor suppressors or oncogenes in gastrointestinal cancers are provided ([@CIT0105]).Recent studies have demonstrated that certain miRNAs are down-regulated in gastrointestinal cancers and are involved in the regulation of cellular activities. For example, miR-15b and miR-16 which are down regulated in human gastric cancer cells participate in the development of multidrug resistance by targeting BCL2 ([@CIT0106]). In another study miR-106b-25 cluster which is over-expressed in human gastric cancers has been shown to impair the TGF-β tumor suppressor pathway by regulating the expression of p21 ([@CIT0107]). These findings suggest that miRNAs play an important role in the mechanism underlying human carcinogenesis and thus their abnormal expressions may contribute to the initiation and progression of gastrointestinal cancers in human.

The microRNAs in lung cancer {#S20016}
----------------------------

The leading cause of cancer deaths in the world is lung cancer, etiology of which is primarily genetic and epigenetic damage is caused by tobacco smoke ([@CIT0108]). To define the molecular network of lung carcinogenesis, systematic analysis of mRNA and protein expression levels of thousands of genes have been accomplished and among them, p53 and RB/p16 defective pathways and expression of several genes such as K-ras, PTEN, FHIT, and MYO18B, have been demonstrated to be altered ([@CIT0109]).

Focusing on known genes and proteins have yielded a lot of new information however, the newly discovered micRNAs may help further to understand the molecular mechanisms of lung cancer. Recently, it was reported that DICER expression levels were reduced in lung cancer and this was reported to be associated with poor prognosis in these patients ([@CIT0110]). Recently, it was identified that six miRNAs (hsa-mir-205, hsa-mir-99b, hsa-mir-203, hsa-mir-202, hsa-mir-102 and hsa-mir-204-prec) were expressed differently in the two most common histological types of Non-Small Cell Lung Carcinoma (NSCLC), adenocarcinoma and SCC ([@CIT0109]).

The potential involvement of reduced miRNA let-7 type expression in lung cancers has been reported ([@CIT0111]). Recently, the over-expression of mir-17-92 cluster was reported in small cell lung cancer which is the most aggressive form of lung cancer ([@CIT0112]). Altered expression of miRNAs and their molecular mechanisms in lung cancers are not completely understood. However, alteration of the expression of five miRNAs (hsa-mir-155, hsamir- 17-3p, hsa-let-7a-2, hsa-mir-145 and hsa-mir-21) in lung cancers indicate that miRNAs may potentially have a prognostic impact on the survival of patients with lung cancers ([@CIT0109]).

The microRNAs in bladder cancer {#S20017}
-------------------------------

The five most common malignancies worldwide, and the second most common tumor of the genitourinary tract and cause of death in patients with genitourinary tract malignancies is Bladder Cancer (BC). An invasive Transitional Cell Carcinoma (TCC) of the urinary bladder aggressively progresses to metastatic disease with a poor prognosis ([@CIT0113], [@CIT0114]). Few studies have been reported on the regulatory effects of miRNAs in bladder cancer. In a recent study ([@CIT0115]), the role of mirRNAs in bladder primary tumors was investigated and it was found that different mirRNAs are deregulated in bladder cancer. In another study, where a vast number of miRNAs in bladder tumors were analyzed, interesting pattern of expressions was observed ([@CIT0116]). These changes included: 18-50 miRNAs up-regulated whereas 9-89 miRNAs were down-regulated when a total of 464 miRNAs in bladder tumors were compared with those in normal tissue in each patient. The results of this study showed that out of 464 different miRNAs, four miRNAs (miR-29c, miR-26a, miR-30c and miR-30e-5p) were consistently down-regulated in all the bladder tissue samples irrespective of tumor grade or stage. These observations suggest that loss of miRNAs may be required for development of bladder cancer.

In a very recent study on mirRNA signatures in bladder cancer, novel mirRNA targets were reported ([@CIT0117]). In this study, subsets of seven miRNAs (miR-145, miR-30a-3p, miR-133a, miR-133b, miR-195, miR-125b and miR-199a) were demonstrated to be signifycantly down-regulated in bladder tumor samples. The target search algorithm and gene-expression profiling from this study revealed that Keratin7 (KRT7) mRNA was a common target of the down-regulated miRNAs. The mRNA expression levels of KRT7 were significantly higher in bladder cancer than in normal bladder epithelium. Furthermore, in this study the gain-of-function analysis showed that KRT7 mRNA was significantly reduced by transfection of miR-30a-3p, miR-133a and miR-199a in the bladder cancer cell line (KK47). These results suggest that miRNAs may have a tumor suppressive function.

The microRNAs in thyroid tumors {#S20018}
-------------------------------

Thyroid carcinomas mostly originate from thyroid follicular cells. Papillary Carcinoma (PC) and Follicular Carcinoma (FC) are the two most common types of cancer types. Both PCs and FCs may progress to Poorly Differentiated Carcinoma (PDC) or transform to Anaplastic Carcinoma (AC) by complete loss of differentiation. The Medullary Carcinoma (MC) accounts for less than 5% of C thyroid tumors and originate from the thyroid cells ([@CIT0118]).

MicroRNA expression profiling in thyroid tumors have identified several miRNAs (miR-146b, miR-221, miR-222, miR-181b, miR-155 and miR-224) up-regulated in PCs when comparison was made to normal thyroid cells ([@CIT0119]). An interesting observation in this study was that the miRNA expression levels were correlated with the mutations of genes such as BRAF, RET/PTC and RAS. Specifically, the miR-222 and the miR-221 were the most consistently up-regulated in PC. In the same study, miRNA analysis of ACs demonstrated up-regulation of several miRNAs that exhibited over-expression in well-differentiated tumors driving from follicular cells. Many miRNAs was shown to be down-regulated in ACs and in particular a signifycant decrease was observed in expression of miR-30d, miR-125b, miR-26a, and miR-30a-5p ([@CIT0120]). Over-expression of miR-125b and miR-26a was demonstrated to be able to reduce cell growth and proliferation of human AC-derived cell lines, suggesting that miRNAs may have a role in thyroid cancer development ([@CIT0120]).

The miRNAs, are an important regulators of single genes and whole genome and have a great potential for therapeutic use in humans ([@CIT0121]). The results presented in this review indicate that miRNA deregulation is common in human cancers ([@CIT0035]). Specifically, miRNAs as inhibitors can be used to over-express or inhibit miRNAs for treatment of cancers and the expression of miRNAs can be artificially regulated by modified antisense oligonucleotides to control the growth of cancer cells ([@CIT0122], [@CIT0123]) ([Table 2](#T0002){ref-type="table"}).

###### 

Cancer-related miRNAs

  Cancer Type            miRNA                                                                                                           Up/Down regulation   References
  ---------------------- --------------------------------------------------------------------------------------------------------------- -------------------- ------------
  **Esophagus**          miR_194, miR_192,miR_200c                                                                                       Up                   \(104\)
  **Gastrointestinal**   miR-106b-25                                                                                                     Up                   \(107\)
  miR-15b,miR-16         Down                                                                                                            \(106\)              
  **Lung**               miR-17-92                                                                                                       Up                   \(112\)
  let- 7                 Down                                                                                                            \(111\)              
  **Bladder**            miR-29c, miR-26a, miR-30c, miR-30e-5p,miR-145, miR-30a-3p, miR-133a, miR-133b, miR-195, miR-125b and miR-199a   Down                 \(117\)
  **Thyroid tumors**                                                                                                                                          
  **-PC**                miR-146b, miR-221, miR-222, miR-181b, miR-155,miR-224                                                           Up                   \(119\)
  **-AC**                miR-30d, miR-125b, miR-26a, miR-30a-5p                                                                          Down                 \(120\)

Perspectives {#S20019}
------------

The microRNAs (miRNAs) as a special class of noncoding RNAs have been discovered in most organisms although, the precise biological effects of miRNAs are not yet known. In this review article, an attempt was made to present in a comprehensive manner, the most recent findings in this exciting new area of research with emphasis on the involvement of miRNAs in cancer development. As the results of many studies demonstrate in the above pages, the carcinogenic processes in many different types of cancer are associated with alterations in the expression of miRNAs, suggesting oncogenic or tumor suppressor roles for microRNAs in a variety of cancer types. To establish other roles, further studies are needed to decipher the molecular and biological functions of miRNAs in cancer development.

Better understanding of the role of microRNAs in cancer development at the molecular level should provide a basis for novel strategies for cancer diagnosis and therapy in the near future. Because mirRNAs are a special class of noncoding RNAs that post-transcriptionally regulate gene expression in a negative manner, a prediction is made that mirRNAs will have a great potential in diagnosis and treatment of cancer in medicine. Currently, several techniques such as miRNA silencing, antisense blocking, and miRNA modification are under investigation for possible use as potential therapeutic agents for treatment of cancers.
